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1. Select the definition of each of the terms below. (1) 

a. Modulating (heterodyning) . 

b. Amplitude modulation. 

c. I’ercentage of rrodulation. 

d. Modulation envelope. 

2. Ccnpute the frequencies transmitted frcan an a-m transmitter 
when an r-f carrier is modulated with specified audio 
frequencies. (2) 

3. Select the definition of upper sideband. (5) 

4. Corpute the receiver )>andwidth necessary to receive the 
output of an a-m transmitter. (7) 

5. Compute tlie power contained in (a) tlie carrier and (b) the 
sidebands from the total average transmitted power of an 
a-m transmitter, (11) 

6. Select the definition of high-level modulation. (14) 

7. Select the definition of low-level modulation. (14) 

8. Select the definition of single-sideband tranmiseion. (24) 

9. List three types of single-sideband transmissions. (25) 

10. List four advantages of single-sideband cormunications 

as ccnpared with a-m ccmnunications . (27) 

11. Cc«Tpute the receiver bandwidth necessary to receive the 
transmission of a single-sideband transmitter. (29) 

12. Select the definition of selective fading. (37) 

13. State why selective fading is held to a minimum vhen 

using single-sideband connonications . (40) 



NOTE: 


The number listed after each objective refers 
to the first frarte teaching that objective. 


SUGGESTED READING TIME 31 MINUTES 
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traffic in the high-frequency (3 to 30 MHz) spectrum 
and because present cannunications require faster, more 
reliable systems. 

Single sideband (ssb) is not new. Over 50 years ago, 
it was deteinrdned that ONE sideband contains all the 
eleinents necessary to reproduce the original transmitted 
modulation signal (intelligence) at the receiver, 

EXoring Wbrld war II, single-sideband systoris v«re used 
extensively by the Armed Forces. At the present time, 
single-sideband systems are generally used for long- 
range, point-to-point cannunications systems. 



nere are soiie terms am laeas tnat you neea to kjiow. 
Most of them should be familiar to you. Read tlie 
following definitions carefully and slowly. 

a. MODULATING (HETTERODYNING) : These terms 
mean essentially the same thing: the 
ccmbining of two frequencies across a 
nonlinear ocnponent. The result is that 
twD new frequencies are produced in 
addition to the two original frequencies. 

These new frequencies are the sum and the 
difference frequency of the two original 
frequencies. Hie term MODUIAITON is 
generally used in connection with trans- 
mitters, and the term HITERODYNING is 
used in connection with receivers. 

b. /WLITUDE MODUIATICN: Ihis is the process 
of conbining an audio-modulating signal 
with an r-f carrier frequency. The outputs 
are the sum, the difference, and the twc 
original frequencies. VJhen viewed on an 
oscilloscope, the output appears as a 



lating signal to the peak anplitude of the 
r~f carrier, expressed as a percentage. 

For exanple, if a 500-volt audio signal 
were used to modulate a 500-volt carrier 
signal, the PFKGEWTAGE OF MODULATION 
would be 100 percent. 

d. MODULATION ENVELOPE: The modulation 
envelope is the outline of an anplitude- 
modulated wave. It resanbles the shape of 
the audio-modulating wave and represents 
the intelligence to be transmitted. 

Select the definition of each of the terms below. 

(1) Modulating (heterodyning) . 

(2) Amplitude modulation. 

(3) Percentage of modulation. 

(4) Modulation envelope. 

Deftnitiona 

a. Ihe process of canbining an audio-nodulating 
signal with an r-f carrier frequency, vMch 
produces a waveshape whose airplitude varies 
according to the amplitude of the modulating 


a. Tne ccmDimng ox two rreguencies across a 
nonlinear ccnponent, vdiich results in the 
sum, the difference, and the twD original 
frequencies . 

2. VJien two frequencies are ccnibined, as in modulation, 
the result is FOUR frequencies: tlie two original 
frequencies, the sum frequency, and the difference 
frequency . 

For example: If a 1,000-kl-Jz r-f carrier is nvDdu- 
lated by a l-kHz audio signal, the resultant fre- 
quencies will be 

a. 1,000 kil 2 (r-f carrier), 

b. 3 kllz (audio-modulating frequency) , 

c. 1,003 kUz (carrier plus the modulating 
frequency) , 

d. 997 kHz (carrier minus the nodulating 
frequency) . 

These frequencies appear on a frequency spectrum, 


as shown belcw. 



frequency# and tl^ lov^ side frequency are 
transmitted. The audio-toodulating frequency wil 
be lost as a discrete frequency, but will appear 
as arrplitude variations in a corposite view of 
the transmitted signal, such as an oscilloscope 
might provide. 

Vhat three frequencies will be transmitted from 
an a-m transnitter when a l,500“kH2 carrier is 
modulated by a S-Wiz audio signal? 


3. In case the modulating signal is not a single t 
(as the 3~kHz signal) , but rather a K\ND of fre 
quencies (as in voice modulation) , the sum and 
difference frequencies are bands of frequencies 




the resultant frequencies will be 

a. 1,000 kJIz (r-f carrier), 

b. 300 H'z to 3 kiiz (audio-modulation 
frequency) , 

c. 1,000.3 IcFlz to 1,003 kHz (upper sideband), 

d. 997 kllz to 999.7 kHz (Icwer sideband) . 

These frequencies will appear on the frequency 
spectrum as shown below. 



^^7 1,000 1,003 

999. r 1,000.3 

The audio is lost as a discrete frequency, and 
the carrier and tiie two sidd^ands are trananitted . 

Assume that a 5,500-kHz carrier is modulated by a 
band of audio frequencies of 300 Hz to 3 kHz. 

The frequencies that are transmitted are 



(4) Modulation envelope. 


Definitions 

a. The process of conbining an audio-modulatii 
signal with an r-f carrier frequency, whicl 
produces a waveshape whose amplitude varies 
according to the arrplitude of the modulatii 
signal . 

b. The outline of an amplitude-modulated wave 

c. The ratio of the peak airplitude of the 
Ttodulating signal to the peak amplitude of 
the r-f carrier, expressed as a percentage 

d. The ocrobining of two frequencies across a 
nonlinear ccmponent, which results in tlie 
sum, the difference, and the two original 
frequencies . 


(1) d. 

(2) a. 

(3) c. 

(4) b. 


5. The band of frequencies on either side of tlie 
carrier is called a SIDEBAND, The UPPER sideb 
is the band of frequencies created by the carr 
PUJS the modulating frequencies. The LOWER si 
is the band of frequencies created by the caxi 
MINUS the modulating frequencies. 


The upper sideband is created by the carrier 
the modulating frequencies . 

Tplus/minus) 


quencies of 400 Hz to 4 kHz. What frequencies a 
txansmitted? 


7 . The frequency spectrun\ indicated in tlie figure 
belcM represents a 1,000-kHz carrier nodulated 
audio frequencies of 300 Hz to 3 kHz. 
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VOOO 1,003 
999. r 1,000.3 

This spectrum is transmitted by an a-m transmitte 
and the intelligence is contained in tlie sidebanc 
The a-m receiver must be designed to receive this 
signal. 

As shown in the figure above, in order to receive 
tlie 1,000-kHz trananission and obtain the intelli 
gence, the receiver nwst have a 6-kHz bandwidth c 



rrodulating frequency is 3 kHzj tl-^erefore, 2x3' 
equals 6 kHz, the necessary bandwidth. This met] 
applies only to a-m receivers. 

^■a-iat is the bandwidth of an a-m receiver design© 
to receive an a-m transmission of 5,500 kHz 
rrcdulated by audio frequencies of 500 Hz to 5 kH 


8. Select the def-inition of upper sideband. 

a. The band of frequencies created by the 
carrier minus the modulating f recfuencies . 

b. The band of frequencies created by the 
carrier plus the modulating frequencies. 

c. The band of frequencies used for modulation. 

9. Assume that an a-m transmitter is transmitting a 
9,000'-kHz r-f carrier that is modulated by audic 
frequencies of 300 Hz to 3 kHz. Vhat frequencie 
are transmitted? 









(2) Anplitude mcdulation. 

(3) Modulating (heterodynijig) . 

(4) Percentage of modulation. 


Definitions 

a. The catibining of two frequencies across a 
nonlinear conponent, which results in the 
sura, the difference, and the two original 
frequencies. 

b. The ratio of the peak amplitude of the 
modulating signal to the peak anplitude 
of the r-f Ccirrier, expressed as a 
percentage . 

c. The outline of an amplitude-modulated wave. 

d. The process of canbining an audio-modulating 
signal with an r-f carrier frequency, which 
produces a waveshape whose anplitude varies 
according to the amplitude of the modulating 
signal. 


11. When a carrier is itvodulated 100 percent by an audio 
signal, the sidebands contain one-third of the TOTAL 
average transuitted power (one-sixth in each side- 
band) , as indicated in the figure below. 
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is contained in the sidebands. In other vjordsr 
carrier contains two-thirds of tlie total average 
transmitted power, ajid the sidebands contain on( 
third of the total average transmitted power. 

An a-m transnatter transmits a total average po 
of 750 watts and is modulated 100 percent. The 

power contained in the carrier is 

watts and in the sidebands wa 

Corpute the receiver bandwidth necessary to rec 


an a-m transmission of 4,800 kliz modulated by a 


frequencies of 400 Hz to 4 kHz. 


a. 4 kHz. 

b. 6 kHz. 

c. 8 kHz. 

d. 16 kHz. 

13. Coipute the frequencies transmitted fran an a-n 
transmitter when a 7,500-kHz r-f carrier is 
modulated audio frequencies of 300 Hz to 3 V 



nioaoLaiaai. II tne modulating signal is 
applied at a point vrfiere the power is low ccrrpared 
to the output power of the system, it is terned 
I£W-LEVEL modulation. 


When Icw-level modulatioi is used, at least two 
factors must be considered. 


(1) Ihe frequency of the modulated signal 
cannot be multiplied, or the sid(^and 
frtsquencies will also be multiplied, 
resulting in distortion. 

(2) All anplification stages follcwing the 
modulating stage must operate linearly 
to prevent distortion. 


a. High-level modulation occurs when the 
modulating signal is applied at a point 
where the power level approxirrates tiie 
of the systaifi. 


b. Low-level modulation occurs vAien the 
modulating signal is applied at a point 
of compared to the 


final output power. 


a. 400 watts in the carrier and 200 watts 
in the sidebands. 

b. 300 \^etts in the carrier cind 300 watts 
in the sidd^ands. 

c. 200 \iatts in the carriei* and 400 watts 
in the sidebcmds. 

d. 100 v>ratts in the carrier and 500 watts 
in the sidebands. 

16. that is the required bandwidth of an a-m rec^ 
designed to receive a 9,100-kHz carrier modu! 
by audio frequencies of 500 Hz to 5 kHz? 


17. Select the definition of upper sideband. 


a. The band of frequencies used for 
modulation. 

b. The band of frequencies created by 
the carrier minus the modulating 
frequencies , 

c. T^ie band of frequencies created by 
the carrier plus the modulating 
frequencies. 




b. When the mocblating signal is applied at a 
EX)int where the power level approximates the 
power output of the system. 

c. When the modulating signal is applied at a 
point of lew pewer oenpared with the power 
output of the final stage, 

d. When the modulating signal is of the sane 
amplittde as the r^f carrier. 

e. When the modulating signal is of a greater 
aitplitude than the r~f carrier. 

19. If an a-m transmitter transmits a total average 
power of 75 watts and is modulated 100 percent, 
what is the pewer oentained in (a) the carrier 
and (b) both sidebands? 


a. Carrier* 


b. Sidebands: 


21. An a-m transmitter is modulated 100 percent and 
transmits a total average power of 150 watts. 
How much of this power is contained in (a) the 
carrier and (b) the sidebands? 


a. Carrier: 

b. Sidebands: 

22. Select the definition of high-level modulation. 

a. The modulating signal is applied before 
tiie final stage. 

b. The modulating signal is of a higher 
aiT^^litude than the r-f carrier. 

c. The modulating signal is applied at a 




c. Hie modulating signal is of a lower anplitude 
than the r~f carrier. 

24. Single-sideband transmission is a method of 

transmitting whereby the carrier and cne sideband 
of an a-m signal are sippressed and cnly one 
sideband is transmitted. It does not matter which 
sideband is transmitted. 

In the type of transmission termed ’’single-sid^and 
transmission/' the carrier and one sideband of an 

a~m signal are and the 

other sideband is 


25. Ihere are several types of single-sideband trans- 
missions. Eadi has its own particular advantages 
and disadvantages in different situations. The 
four types generally used today are as follows: 

(1) Single-sicteband srqppressed-carrier 


(SSSC) . — Hie carrier and one sideband 
are suppressed ^Jproximately 30 to 50 



must reinsert the carrier so that it can 
have a reference for demodulation. 




s & 


$ s s c 


(2) An¥>litude-mcdulation equivalent (AME) . — The 
carrier and one sidet^jid are suppressed. 
Then the carrier is reinserted at maximum 
strength. The carrier and one sideband 
are trananitted. 


-tr m I 

A M I 


USB 


(3) Pilot carrier (exalted carrier). — The 
carrier and sideband are suppressed, 
and then the carrier is reinserted at 
about 10 to 20 decibels (10 to 100 times) 
belcw the peak transmitter power. The 


sideband and reinserted for demodulation. 



PHOT 


(4) Vestigial sideband. — Itie carrier and one 
sideband are only partially suppressed. 
This type of transmission is used 
primarily in TV. 



VESTIGIAL 


List the four types of single-sideband trans- 
missions. 

( 1 ) 

( 2 ) 

(3) 


t A \ 


equivalent 
(AME) . 

Pilot 
carrier. 

Vestigial 
sideband. 


mitted. 

b, A method of transmission whereby both 
sidebands of an a-m signal are 
suppressed and tlie carrier is trans- 
mitted, 

c. A method of transmission vdiereby the 
carrier and one sideband of an a-m 
signal are suppressed and the otlier 
sideband is transmitted. 


I 


c 


27. 


Single-sideband cormunications have four ac 


over conventional a-m ccmi'nunications. 


(1) One advantage is SPDCl’RUM CONSERVATION , 
An ssb signal takes up less space on 
the frequency band. 

(2) Another advantage is POWEIR EFFICIENCY. 
For tlie same coverage, an ssb trans- 
mitter requires a ^>?ak power rating 
mucli less than that required of an 
a-m system, 

(3) MINIMUM SELECTIVE FADIN3 is obtained 
by using ssb, because of tlie absence 
of the carrier ajid the undesired 
sideband. This results in. less 
distortion at the receiver, 

(4) An IMPROVED SIGNAL-lO-NOISE RATIO is 
the result of a narroi.'^er receiver 
bandividth , 



Spectnini 

conservation. 

Powar 

efficiency. 

Mijiiinuni 

se3.ectivG 

fading. 

Im^oroved 
signcil-to- 
noLSG ratio. 


( 1 ) 

( 2 ) 

(3) 

(4) 


28. Wliich of the follcwing lists four types o3 
sideband transmissions. 

a. SSSC, AME, C-W, and F-M. 

b. Vestigial sideband, pilot cairricr, 

AMF, and SSSC. 

c. Pilot carrier, AME, SSSC, and F-M. 

d. AME, SSSC, C-*W, and vestigial sidebanc 


29. Ihe advantage of SPECTRUM COSISERVATia^ cai 
easily understood by ccnparing an a-m sigi 
ssb signal. 

It was deterroined tiiat the frequency sped 




5 


Vooo 


!,003 


99; 


909. r 


VOOO. 3 


kHr 


If the carrier and one sideband are suppressed < 
only one sideband (either the upper or lower) h 
ti'ansmitted, the receiver bandwidth now only net 
to be 2.7 kHz, or the width of the sideband traj 
mitted. This is less than half of the bandwidtJ 
requirements of an a-m receiver; thus, there cai 
be two ssb channels in the same frequency range 
the spectrum, vhere there can be only one am 
channel. 

Ccnpute the bandwidth necessary for a receiver 
receive a 5,000-kHz transmission modulated by ai 
frequencies of 400 Hz to 5 kliz. Ccaiipute for bo 
a-m tranaiiission and ssb transmission. 


a. Bandwidth for an a-m receiver; 


k 



b. 

Spectrum conservation, inproved signal 
to-noise ratio, minimum selective fadi 
and power efficiency. 


c. 

Minimum selective fading, power effici 
shorter range, and spectrum conservati< 


d. 

Easier maintenance, power efficiency, 
less cost, and improved signal-to-noist 
ratio. 

31. 

List three types of single-sideband transm. 


(1) 



(2) 



(3) 


32. 

Select the definition of eingle-eideband t 


miaaion. 


a. 

A method of transmission whereby both 
sidebcunds of an a-m signal are suppres 
and the carrier is transmitted. 


b. 

A method of transmission whereby the 
carrier is suppressed and two sideband 
of equal anplitude are trcinsmitted. 


c. 

A method of transmission whereby the 
carrier and one sideband of an a-m 
signal are suppressed and only one 
sideband is transmitted. 





100 percent by an audio signal, the sidebands EAQ 
contain one-sixth of the TOTAL average transmitte< 
pcwer . 



Both sidebands are caused by the same modulating 
signal; both sidebands contain exactly the same 
intelligence; the sidebands are only mirror image 
of one another, Iherefore, why transmit 150 watt 
as in the a-m spectrum above, when only 50 watts 
(one sideband) will deliver the same intelligence 

Under ideal conditions, a 150-watt a-m transmitte 
could be replaced with a 50-watt ssb transmitter 
with the result of less weight, smaller size, and 
Icwer pov^ requiresnents for the same coiminica- 


finns- 


3 kHz? 



er 

iciency . 

ctrum 

servation. 

iicTum 

active 

ing. 


a. 5.4 kHz. 

b. 2.7 kHz. 

c. 10 kHz. 

d. 6 kHz. 


35. List the fo\.u: advantages of ssb comnunications 
a-m cann\unications. 

( 1 ) 

( 2 ) 

(33 

(4) 

36. List tliree types of single-sideband transmissi. 

( 1 ) 

( 2 ) 

( 3 ) 



sidebild, 

(Any three . ) 

in the ionosphere. If the ionosphere is unifor 

there is no sideband shift. 

Selective fading is defined as a distortion of 

the received sianal. caused bv a 

in relationship between the 

the 

ctfinge 

38. Vfliat receiver bandwidth is necessary to receive 

sideband (s) 

an ssb transmission of 7,000 kHz modulated by 

carrier 

audio frequencies of 300 Hz to 3 kHz? 

2.7 kHz. 

39. List four advantages of single-sideband catmun: 
tions as coipared with a-m ccrnmunications . 


(1) 


(2) 


(3) 


(4) 





condj.tion of the ionosphere. 


State vdiy selective fading is held to a mini 
when using ssb systems. 


41. Select the definition of eeleotive fading. 

a. Fading of the received signal, caused 
movement of the transmitter while trans- 
nutting. 

b. Distortion of the received signal, cause 
by a change in relationship between the 
sideband (s) and tlie carrier. 

c. Distortion caused by iinprcper tuning of 
the transmitter. 

d. Fading of a received si.gnal, caused by 
jamming by another transmitter operating 
on the same frequency. 


42. Goirpute tlie receiver bandwidth necessary to 
receive an ssb transmission of 4,100 kPIz moc 
by audio frequencies of 400 Hz to 4 }dlz. 





study the chart vhile interpreting the statements below. 


This chart is shown 
in decibel signal- 
power loss. It com- 
pares the ssb signal 
to the a-m signal as 
propagation condi- 
tions continue to 
grow worse. The 
total sideband power 
is the same in both 
transmitters. 
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Idaol good poor 

PROPAGTION conditions 


a. Under ideal conditions (0-decibel loss), the two 
systeins are about equal. 

b. At -6 decibels, the signal is just barely usable, 
but the ssb signal is still good. 

c. As propagation conditions becone increasingly worse, 
the ssb signal is still above the acceptable level, 
but the a-m signal can no longer be used. 

d. Under extremely bad conditions (severe fading and 
interference) , there is a 9-decibel signal-to-noise 
ratio advantage of the ssb system over an equivalent 
a-m system. 


The reason for an iirproved signal-to-noise ratio in ssb 
ccrnrriunications systons over a-m ccwnunications systems is the 



u. un±y une siaeuana is cransmicteu, 
and there is no carrier. 

c. single-sideband requires a larger 
antenna and puts out more power, 
so the signal is affected less, 

d, ssb is only used on days when the 
ionosphere is even. 


45. The reason for the iitproved signalrto-noise ratio 
in ssb camiunications over a^ ccnmunications is 
that 

a. more pouer is used in the ssb signal. 

b. the ssb receiver has a narrower bandwidth 
requireanent than the a-ra receiver. 

c. ssb receivers are more sensitive tiian 
a-m receivers. 

d. an ssb signal has a wider l?andwidth 
than an a-m signal. 


46, Select the definition of eeleative fad'ing, 

a. Fading of a received signal, caused by 
janming by another transmitter operating 
on the some frequency. 

b. Fading of the received signal, caused by 
movenent of the transmitter vhile trans- 
mitting. 

c. Distortion caused by inproper tuning of 
the transmitter. 



48. State the reason for the irrproved signal-to-r 
ratio in single-sideband cormunications as cc 
to a-m cormonications . 


You I'lave oonpleted this program. Review the 
objectives on pages i and ii. If you do not 
ccmpletely understand an objective , turn to 
the frame/s indicated by the number/s in 
parentheses. 


REFERENCES: 

1 . Fundcmentala of Singte-Sideband, M/SHB 
93271, Chapters 1-4. 

2. Single-Sidehand Cormuni.oati.ons. NAVSHIPJ 
93224. 



L. Select the definition of each of the terms below. 


( 10 ) 


(1) Modulating (heterodyning) . 

(2) J^litude rtvodulation. 

(3) Percentage of modulation. 

(4) Modulation envelope. 


Definitions 


a. 'Ihe ratio of the peak anpl.itude of the modulating 
signal to the peak amplitude of the r-f carrier, 
expressed as a percentage. 

b. Ihe process of ccnibining an audio-modulating signal 
with an r-f carrier frequency, which produces a 
waveshape vhose amplitude varies according to the 
amplitude of the modulating signal. 

c. The outline of an amplitude-modulated wave. 

d. The ccmbining of two frequencies across a nonlinear 
oemponent which results in the sum, the difference, 
and the two origi.nal frequencies. 


2, Compute the frequencies transmitted frcri\ an a-m transraitter wl 
a 9,500-kJiz carrier is nodulated with audio frequencies of 30C 
to 3 )cHz. (13) 


c. 


Tne h^d of frequencies used for tnoduiation. 


CorputG the receiver bandwidth necessary to receive 
mission of 4,400 kHz modulated by audio frequencies 
3 kHz. (20) 


an a-m trans- 
of 300 Hz to 


A particular a-m transnutter is modulated 100 percent and transmits 
a total average power of 300 watts. How much of this power is 
contained in (a) the carrier and (b) the sidebands? (21) 


a. 


Carrier: 



c. The modulating signal is of a hi^er anplitude than the 
r-f carrier. 


Select the definition of loid-lf:vel modulation. (23) 

a. The modulating signal is of a la.ver amplitude than tlie 
r-f carrier. 

b. The modulating signal is applied at a point of la-/ po-zer 
corpcired to the power output of the final stage. 

c. The modulating signal is applied at a point of high power 
compared to the power output of the final stage- 

Select tliG definition of olnQlc-oidebwid ti'ansirnisoion. (32) 

a. A rrethod of transitussion whereby the carrier is 
suppressed and two sidebands of equal aiTplitudo are 
transmitted. 

b. A metliod of transmj.ssion whereby tlie carrier and one 
sidaband of an a-m signal are suppressed and only cne 
si<^and is transmitted. 

c. A metliod of transmission whereby boUi sidebands of an 
a-m signal arc suppressed and the carrier is 
transmitted. 

List three types of single-sidel^and transmissions. (36) 

( 1 ) 


( 2 ) 


( 3 ) 


( 4 ) 


11. Ccrrpite the receiver bandwidth necessairy to receive an ssb tra 
mission of 9/000 kHz ttodulated by audio frequencies of 200 Hz 
to 5 kHz, (42) 


12. Select the definition of eeleotive fading. (46) 

a. Fading of the received signal, caused by move3T\ent 
of the transmitter while transinitting, 

b. Distortion of the received signal, caused by a 
change in relationship between the sideband (s) 
and the carrier. 

c. Distortion caused by inproper tuning of the 
transmitter . 

d. Fading of a received signal, caused by jamming 
by another transnutter operating on the saire 
frequency. 

13. Why is selective fading held to a minimum when using sing] e-si 

band connunications? ( 47 ) 



Tne student will: 


1. List tiiree major disadvantages of single-sideband 
ccmnonications. (1) 

2. State the required accuracy for a stabilized master 
oscillator in a single-sideband system. (2) 

3. State ho-.v frequency-stability requirat^nts increase 
corpLexity and cost of single- sideband circuitry. (4) 

4. State tile type of amplifier used after the modulation stage 
in a single-sidehand transmitter. (7) 

5. State the classes of operation used in amplifiers following 
the modulation stage in a single-sidetand transmitter. (10) 

6. State the most frequently used method for carrier suppression 
in a single-sideband transmitter. (14) 

7. State tlie output of the balanced modulator when used in a 
single-sideband transmitter. (14) 

8. List the two methods of sideband selection in a single- 
sideband transmitter. (17) 

9. State the most frequently used method of sideband selection 
in a single-sideband transmitter. (17) 

10. State the output of a sideband filter when used in a single- 
sideband transmitter. (17) 

11. State what must be added to the received signal before it 
can be demodulated in an ssb receiver. (31) 

12. Label the last three stages of a basic single-sideband 
receiver. (32) 

13. State the two requirements of the avc used in single-sideband 
receivers. (34) 



luimter listed after each objective refers 
the first fraine teaching tliat objective. 


SUGGESTED READING TJME 56 MINUTES 


statorent. As inpressive as ssb ccsnmunicatior 
appeciT, there are three major disadvantages: 


(1) FREQUENCY S'lABILITY . — The total frequency 
sliift in the system, both transmitting 
and receiving, should not exceed SO Hz. 

(2) CCMPLEX CIRCUITS.— The circuits required 
to accorplish the frequency stability 
mast be of precision design, 

(3) LINEAR AMPLIFICATION.— When a transmitter 
is modulated low-level, the anplifiers 
after the modulation stage must be 
operated linearly. 


List the three major disadvantages of ssb corrr 
cations . 


( 1 ) 

( 2 ) 

(3) 


A irejor rexjuirement of ssb is FREQUENCY ST/^i; 
An error greater than 50 Hz v/iLl cause the in 
gencG (modulation) to be degraded or distorte 



acccarplish this accuracy , special circuits are 
required for tiie oscillators: ovens are used to 
control tenperature and humidity ; and corrective 
circuits, to correct any drift in frequency. These 
special circuits are the major cost of ssb equip- 
ment . 

The accuracy of a STABILIZED mSTER OSCILLATOR (SMO) 

in an ssb system must be within 

percent. ^ 


3. The three major disadvantages of ssb conmunications 
are 


a. linear amplification, frequency 
stability, and bulky equipnent. 

b. complex-circuit requirements, linear 
amplification, and frequency-stability 
requirements , 

c. less power, conplex-circuit require- 
ments, and nonlinear anplification. 


d. difficult troubleshooting, linear 
amplification, and less power. 


unwanted sideband requires precision design. In 
the receiver, carrier insertion and demodulation 
require precision design. All these factors, whic 
contribute to the precision of the special circuit 
Increase the conplexity aiid cost of ssb circuitry. 


State how frequency-stability requirements increas 
Gorplexity and cost of ssb circuitry. 


ecision 
sign is 
cessary for 
e special 
rcuits. 


5 , 


thin 0.00001 


6 . 


rcent. 


What is the required accuracy of a stabilized 
naster oscillator (SAO) ii a single-sideband 
system? 


^-Jhat are the three major disadvantages of ssb 
conmunications? 


( 1 ) 


( 2 ) 




8 . 


bring its power level up to that wliich is required 
for transmission. Any such anplification of the 
signal after the modulation stage must be done by 
amplifiers which do not change the sideband 
relationships. Obtaining the desired transmitter 
output-pcwer level and reproducing the sideband 
relationships faithfully require LINEAR AMPLIFICA- 
TION. 

A LINlilAR AMPLIFIEI^ develops an output with minimum I 
distortion, directly proportional in anplitude to 
the input signal. 

The type of anplifiers used after the modulation 
stage in an ssb transmitter is . 

How do the frequency-stability requiranents increase | 
conplexity and cost of ssb circuitry? I 

a. The weight factor is responsible for ssb I 

equipment's costing more than a-m equipment, I 

b. Precision design is necessary for the I 

special circuits. I 

c. The tremedous power requirements of ssb j 


Class A amplification is noted for its linearity 
However, class A amplifiers have lew efficiency 
and, therefore, they are not suitable for use ai 
ssb pewer amplifiers* The power obtained from 
class C anplification is desirable, but this tyi 
is noted for its high distortion (poor linearit 

As a conpromise between efficiency and linearit 
the linear anplifiers of an ssb system are operi 
by class AB or class B (push-pull) , By using t! 
classes, the lineaurity is retained, and suffici 
power is acquired* 

a. Because of high distortion, linear airplifie. 

in an ssb sysbera are not operated class 

even though this class gives good efficienc 

b. Because of poor efficiency, linear anplifie 

are not operated class , even though t 

class has the best linearity. 

c. The linear anplifiers of an ssb system are 

operated class or class 


b. magnetic anplifier. 

c. linear artplifier. 

d. colinear arrplifier. 

12. State how frequency-stability requiranents increase 
corrplexity and cost of ssb circuitry. 


! 

j 

i 


13. What is the required accuracy of a stabilized 
master oscillator (a«lO) in a single-sideband 


system? 




transmitter to suppress the carrier and to sel< 
the sideband that is to be transmitted. In thi 
receiver, circuits are needed to reinsert ti'ic 
carrier. These are the major differences. Otl 
wise, the circuits required for a-in cwd ssb arc 
identical . 

Sane of these special circuits are shown on thi 
and the following pages, vyitiiin tlic ssb ti'ansn 
it is desirable to suppress the carrier v/ithout 
interfering with the sidebands. This is the pi 
of the BALAiXCEB MOD'JLAU’OR, shown below. 



hhen an r-f carrier alone is appl ied to lx)th gr 


ccincel each other. 

When audio alone is applied push-pull (positive on 
one grid cind negative on the other) , the tubes 
conduct alternately and produce an output. But 
the plate-tank circuit is tuned to 250 kilz, not 
audio; therefore/ the audio signal is not developed, 
because of the miniman impedance of the plate-tank 
circuit. 

Whein the r-f ard audio are applied at the same tirre, 
the original r-f and audio frequencies do not appear 
in tile output because of the action of the plate- 
tanJ« ciraiit/ as explained above. The sum and 
difference frequencies, vihich are the upper and 
lower sidebands, will appear in the output. What 
has occurred is that the r-f carrier has been modu- 
lated and suppressed, leaving a double-sideband 

output . 

a. The nost frequently used method of carrier 
suppression in an ssb transmitter is the 
use of — ’ 

K 'The n-.ii-nnt of the balanced modulator in 



carrier 


2Cision 
sign is 
pessary for 
2 special 
rcuits. 


b. class B or class C. 

c. class AB or class B (push-pull). 

d. class C or class A. 


16. Has' do frequency-stability requironents increase 
ccrtiplexity and cost of single-sideband circuitry? 


17. After the balanced modulator has suppressed ttie 

carrier and produced a double-sideband output, tJie 
desired sideband to be transmitted must be selected. 
‘Ihis can be done by one of two methods: (1) PllASE- 
SHIFT method or (2) FILTER method. The phase-shift 
method is seldom used and will not be discussed in 
this lesson. 

Thp» conrinH m^s^-Kr^r^ . isna 4 -Viq 





cal filter shown below. 


mechanical 



A magnetic field is produced when an electrical 
signal applied to the input terminals sends a 
current through tlie transducer coil. This magnetic 
field acts on the core and causes it to vibrate at 
the operating frequency. This mechanical energy 
drives the metal disks# which mechanically vibrate 
or resonate. The motion# mechanically coupled to 
the output transducer# induces a voltage in the 
output coil. Thus# the mechanical energy is changed 
back into electrical energy. The mechanical filter 
is highly selective and will pass only the fre- 
quencies in the range for vhich it is constructed. 

In a single-sideband transmitter, the output of the 


sideband, and only that sideband will be passed. 
In ssb transmitters/ where either sideband can t 
transmitted, tato mechanical filters will be avaj 
able: one tuned to the upper sidebcind and one t 
to the lower sideband. By selecting the proper 
irechanical filter, either sideband may be trans- 
mitted. 

a. List the two metJiods of sideband selection 
in an ssb transnitter. 

( 1 ) 

( 2 ) 

b, Whi.ch of the methods above is most frequentl 
used? 


c. In a single-sideband transmitter, what is th 
output of the sideband filter? 


c. i-f aiTplifier. 

d . carrier suppressor . 

19. The output fron a balanced itKJduI.ator in aii ssb 
transmitter is a 

a. s.ingle-sideijcind output. 

b. double-sideband output v/ith no carrier. 

G, double-sideband output with the carrier, 
d. carrier with no sidebands. 

20. VyJiat type of amplifier is used after the modulation 
stcigc in an ssb trajismitter? 

21. Ihe t\\io metliods of sideband selection used in an 
ssb transmitter are the 

a. balanced-modulator method and the phase- 
shift metliod. 

b. phase-shift method and the filter method. 

c. filter method and the buffer-multiplier 
method. 

d. tuned-tank method and the phase-shift 
method. 







b. baianced-nvoduiator metnoa. 

c. filter nethod. 

d. tuned-tank method. 


23. 

The output of a sideband filter is 

a. the undesired sideband. 

b. the carrier. 

c. both sidebands. 

d. one sideband. 

d. 

24, 

What classes of operation are used in the 

amplifiers following the modulation stage j 

ssb transmitter? 

Classes AB and 
• B (push-pull). 

25, 

What is the roost frequently used method of 

suppression in an ssb transiTiitter? 








27. List tlie tuo methods of sidebcind selection in cin 


ssb transmitter. 


( 1 ) 

( 2 ) 


28. Which method of sidelDaaid selection is tlie most 
frequently used method in on ssb transmitter? 


29. State the output of the sideband filter when used 


in an ssb transmitter 






a. 1’he r-f oscillator generates the r-f carrier/ which 
is applied to the balanced modulator. 

b. The audio arrplifier anplifies the intelligence to 
an acceptable level and delivers it to the balanced 
niodulator . 

c. At the output of the balanced modulator, the double 
sideband (no carrier) is applied to the sideband 
filter. 

d. The sideband filter rejects one sideband and passes 
the other (the desired one) to the balanced mixer. 

e. At the balanced mixer, the sideband is stepped up 
to the desired frequency for transmission by 
heterodyning it with the signal from the high- 
frequency (h-f) oscillator. The output of the 
balanced mixer is tuned to the sum (transmitter) 
frequency. 

f . This signal is then artplified by linear r-f power 
anplifier(s) and is transmitted. 

g. The transmitter above represents the SSSC type of 
transmission. SSSC is the most frequently 









a. The r-f amplifier is used to amplify the incxming 
r-f signal. 

b. The loccd oscillator and the first mixer are used 
to lower the r-f frequency to the intermediate 
frequency (i-f ) . 

c. The i“f arrplifier is used to amplify the i-*f signal. 

d. The second detector demodulates the i-f signal and 
obtains the received intelligence. At this point, 
the ssb receiver differs frau the a-m receiver. 

At this point, an ssb receiver must insert a carrier 
to obtain the sideband intelligence. 


This is done by replacing the a-m second detector with a carrier- 
beat-frequency oscillator (bfo) cind a second mixer. The block 
diagram of an ssb receiver is shown belcw. 










32. In order to recover the intelligence from th 
signal# it is necessary first to restore the 
carrier. This local carrier must have the s 
relationship with the ssb canprnents as the 
carrier used in the modulator of the transmi 



As shown above, the i-f, which in this case 
frequency of 1,003 kUz (one sidebaiid) , is th 
frequency present at the input to the second 
The carrier* is absent. The carrier was 
in the transmitter after it had been heterod 
with the audio to produce the modulated r-f 




frequency oscillator (bfo) . The fofo is a variable- 
freqi^ncy oscillator. It must be tuned exactly to 
the original carrier frequency to prevent the out- 
put intelligence frcm being distorted. 

The bfo signal is ccntoined with the output of the 
i-f airplifier in the second-mixer stage. ThuS/ 
tlie second mixer converts the i-f frequency to an 
audio frequency by heterodyning the sideband with 
the bfo frequency. Ihis audio is coipled to the 
final stage. The final stage is an audio anplifier, 
vMch anplifies tiie audio to a level necessary for 
the cperation of a loudspeaker or headset. 

Label the last three* stages of the ssb receiver 
belcw. 






c. The audio. 

d . Strength. 


b. 


34. Another feature/ or requirement, of an ssb re 
that differs fron those of its a~m counterpar 
the autonatic volume control (avc) that must 
used. A single-sideband suppressed-carrier ( 
signal has no continuous carrier to provide a 
for avc, as does an a-m signal; therefore, cc 
tional avc circuits are unsatisfactory. The 
for ssb should develop instantly during the f 
syllable of each strong signal and should dec 
slowly to prevent "hissing" at the end of the 
syllable. These tx^;o requironents are met by 
type of avc called faet-chavge) slow-diBaharg 
This avc uses several RC networks to apply tt 
voltage to various sections of the receiver, 
the absence of the carrier (as in SvSSC) , tlie 
circuit remains effective because of the lone 
constants used. 

State the type of avc used in ssb ocmmunicati 
and the two necessary requirements that must 
met. 


a. Type: 

b . Requironents : 




FO 


FROM 

l-F 

AMP. 


kHz 

MIXER 

LIU 


I 

k 



(2) 

1 



1^000 UHi j 



AMP. 



36. Utilizing ssb techniques, it is possible to plac 
tw voice signals on the air with one transmitte 
one on the upper sideband and one on the lower 
sideband. To <^)erate multichannel, the transmit 
would require two ocmplete and separate sideband 
generators. Itiis would include the audio airpli- 
fiers, balanced modulators, and sideband filters 
although the generators are separate, the same 
oscillator stages nay be used. 

Vihat is the major requirement of a multichannel 


transmitter? 






c. Autotatically control the volume and 
prevent static. 

d. Increase receiver sensitivity and 
prevent hissing. 


38. What type of avc is used in ssb ccrnmonications? 


a. Conventional avc. 

b. "Quick" avc. 

c. Fast-charge# slow~discharge avc. 


d. No avc is used. 








41. The major requirement of a multichannel ssb 
transmitter is 

a. separate sideband generators for each 
channel. 

b. separate oscillators for each channel. 

c. separate pcwer supply for each channel. 

42. Label the blocks below that represent the last 
three stages of a basic ssb receiver. 


1,003 

FROM UHz 

i-r 

AMP. 


( 2 ) 

1,000 UKx 


(1) 

3 

UHl ^ 

(3) 

3 






Lx 








(U 

(2) 

Develop 

44. \Nhat type of avc is used in ssb ccnmunicatio 

instantly. 


Decay 


slowly. 

i 


Fast-charge /r 

45. What is the major requirement of a multichan 

slow- 


discharge. 

ssb transmitter? 






You have corpleted this program. Review the 
objectives on pages 34 and 35. If you do not 
understand an objective, turn to the frame 
indicated by the number in parentheses. 
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1. List tJiree major disadvantages of single-sideband 
(XHiinunications. (9) 

( 1 ) 

( 2 ) 

(3) 

2. Wliat is tl\e required accuracy for a stabilized n\aster oscillator 
in a si.ngle-si.deband systan? (13) 


3. Hsw do frequency stability requirai^ts increase ccnpleKity and 
cost of single-sideband circuitry? (16) 


4. Wiiat type of aniplifier is used after the nodulation stage in a 
single-sideband transiuitter? (20) 


5. VJhat classes of operation are used in the arrplifiers follcwing 
the modulation stage in a single-sitteband transmitter? (24) 


6. What is tl\e irost frequently used n^thod of carrier suppression 
in a single-sideband ti'ansmitter? (25) 



xansmitter. (27) 


[ 1 ) 


( 2 ) 

Jhich method of sideband selection is tlie most frequently used? 
(28) 


State the output of the sideband filter when used in a single- 
sideband transmitter. (29) 


"hat must be added to the received signal before it can be 
ierrvodulated in a single-sideband receiver? (40) 


label the blocks below that represent the last three stages of 
a basic single-sideband receiver. (42) 



rnoM 

J-F 

AMP. 





14. 


What type of avc is used in single-sideband ccrminications? 


15 . 


What is the major requirement of a multichannel single-sidet 
transmitter? (45) 


The United jiules Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve tlie peace or of instant offensive action to win in war. 

It IS upon the maintenance of this control tfiat our couritry's glorious 
future depends, (he United States Navy exists to make it so 


Tradition, valor, and victory are the Navy's heritage from tfie past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future 

At homo or on distant stations we serve witf^ pride, confident in the respect 
of our country, our shipmates, and our families. . 

Our respof^sibiiitios sober us. our adversities strongthei^ us. 

Service to God and Country is our special privilege. We serve with honor. 

THE FUTURE OF THE NAVY 

The Navy will always employ new weapons, new techniques, and 
greater power (o protect and defend (tie United States on the sea. under 
the sea, and in tfie air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 

Mobility, surprise, dis()L*rsal. and offensive power are the keynotes of 
the new Navy. Tfie roots of the Navy he in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from tt^e past 

Never have our opportunities and our responsibilities been greater. 


